Introduction {#sec1}
============

Hip resurfacing continues to be an option for the younger active patient in need of arthroplasty. In Australia alone, there have been 5360 hip resurfacings reported to their national registry from 1999 to 2012 \[[@bib1]\]. As with all arthroplasties, hip resurfacing patients may suffer fractures around their implants. Femoral neck fractures are a well-described complication of hip resurfacing. Traumatic fracture to other areas of the proximal femur are uncommon, but orthopaedic surgeons may encounter patients with these injuries. Fractures around resurfacing implants can be challenging to stabilize as there is limited bone stock. Various methods of operative stabilization have been reported [@bib2], [@bib4], [@bib5], [@bib6], [@bib7], [@bib8], [@bib9]. In the following section, we present an interesting case where these options were considered in a patient who underwent hip resurfacing and a previous retrograde intramedullary nailing.

Case history {#sec2}
============

A 55-year-old otherwise healthy female presented to the emergency department with right thigh and groin pain after falling on her right side while playing pickleball. She has a history of right hip arthritis and underwent hip resurfacing approximately 8 years ago. Surgery was performed at an outside institution, and records were unavailable. Roughly 4 years ago, she sustained a right femoral shaft fracture while skydiving. This was successfully treated with retrograde intramedullary nailing. She had no complications after either surgery. She was doing well before this fall during pickleball. New radiographs revealed a periprosthetic intertrochanteric femur fracture ([Fig. 1](#fig1){ref-type="fig"}). She was neurovascularly intact, and after medical optimization, she was taken to the operating room for stabilization of her right intertrochanteric femur fracture.Figure 1Anteroposterior and lateral radiographs of the right hip and femur.

In the operating room, the patient was positioned supine on a radiolucent operating table. The right leg was prepped and free draped. The previous proximal anterior thigh and distal lateral thigh incisions were used to identify and remove the proximal and distal interlocking screws. The previous incision over the anterior knee was used, and a medial parapatellar approach was used to create an arthrotomy. Bony growth over the intramedullary nail was removed by placing a guide pin into the intercondylar notch and using a cannulated opening drill to expose the intramedullary nail. The nail was removed with the intramedullary nail extractor. Incisions were thoroughly irrigated and closed. The patient was then transferred to a fracture table. The right lower extremity was reprepped and draped using a shower curtain--style drape. A lateral incision was made proximal to the greater trochanter. A guidewire was placed at the usual start point, and a stepped reamer, used to open the proximal fracture fragment. A ball-tipped guide was used to pass the fracture site. This was followed by reaming and passage of a Gamma3 Cephalomedullary Nail (Stryker, Kalamazoo, MI). The guide pin for the femoral neck lag screw was placed posteriorly to the stem of the hip resurfacing implant. An appropriate lag screw was chosen and placed in a compression mode. The nail was locked distally with 2 interlocking screws ([Fig. 2](#fig2){ref-type="fig"}).Figure 2Postoperative AP and lateral radiographs of the right hip and femur.

The patient was maintained non--weight-bearing initially. She was discharged home on postoperative day 4 after an unremarkable stay. Interval follow-up was limited as the patient lived in another state. However, she returned to the area after 2 years and had clinic follow-up with her surgeon. She denied hip pain and stiffness. She had completed a European walking tour during which she walked 3 to 5 miles per day. On physical examination, she has no areas of tenderness, full active and passive hip flexion, and minor limitations in hip internal and external rotations. Two-year postoperative radiographs revealed robust callus formation and minor interval varus collapse ([Fig. 3](#fig3){ref-type="fig"}). She denied noticing any leg length differences. In addition, she reported Patient-Reported Outcomes Measurement Information System scores of 54 for adult physical function and 39 for adult pain interference. Both scores are better than those of the adult average responder.Figure 3Two-year postoperative AP and lateral radiographs of the right hip and femur.

Discussion {#sec3}
==========

Spontaneous femoral neck fractures after hip resurfacing are a recognized but uncommon complication. Short-term rates of fractures have been reported to occur between 0.5% and 1.3% \[[@bib10],[@bib11]\]. A large, single-surgeon series demonstrated 2 femoral neck fractures in a group of 1333 (0.15%) patients at an average follow-up of 4 years \[[@bib12]\]. A recent series with 10-year follow-up documented only 2 cases of revision due to fracture \[[@bib13]\]. However, early femoral neck fractures are generally attributed to the technical error of the primary surgery and patient factors \[[@bib8],[@bib3],[@bib14]\]. Fracture risk increases with surgical errors such as excessive varus tilt of the implant, femoral neck notching, and poor seating of the implant \[[@bib15]\]. Patient factors such as obesity, female sex, and osteoporosis increase the risk for femoral neck fractures \[[@bib14],[@bib15]\]. Traumatic periprosthetic proximal femur fractures around hip resurfacing implants are uncommon and limited to case reports in the literature \[[@bib2], [@bib4], [@bib5], [@bib6], [@bib7], [@bib8], [@bib9]\]. These case reports have detailed various patterns of traumatic injuries including the following: femoral neck, intertrochanteric, and subtrochanteric fractures \[[@bib6],[@bib8]\]. Here, we present a case of an intertrochanteric fracture between a hip resurfacing and a retrograde femoral nail, which is, to the best of our knowledge, the only report of such injury.

Multiple methods of stabilizing proximal femur fractures below a hip resurfacing have been described. Cannulated screws have been used for femoral neck fractures \[[@bib8]\]. Intertrochanteric fractures have been addressed with cephalomedullary implants \[[@bib6]\], proximal femoral locking plates \[[@bib7]\], reverse distal femoral locking plates \[[@bib9]\], blade plates \[[@bib16]\], and cannulated screws \[[@bib4]\]. Dynamic compression plates \[[@bib17]\], reconstruction nails \[[@bib18]\], and cephalomedullary devices \[[@bib5]\] have been used to treat subtrochanteric fractures. Successful nonoperative management of intertrochanteric and femoral neck fractures has been described \[[@bib19],[@bib20]\]. An additional viable option to consider is conversion to total hip arthroplasty. Conversion may allow for early weight-bearing with good outcomes \[[@bib21]\].

In considering options, we elected to proceed with operative fixation rather than arthroplasty. We felt that, for several reasons, conversion surgery of this extracapsular fracture would not be as reliable as a conversion for femoral neck fracture. First, the fracture of the posterior medial cortex of the hip would require a calcar substituting or diaphyseal engaging implant. Furthermore, fixation of the fractured greater trochanter would be needed as well, and failure of this fixation increases the risk of instability. Open reduction and internal fixation could allow for retention of current well-functioning hip implants and preservation of bone stock on both the acetabular and femoral sides in this relatively young patient. Fixation also allows for future conversion surgery should the patient need or want it. In considering open reduction and internal fixation, we felt a plate construct would provide inadequate fixation to the femoral diaphysis as there was a retrograde nail in place and diaphyseal screw placement would be unicortical with possible cerclage augmentation. Removal of the nail would leave a potential for fracture at the end of a proximal plate. The remaining options would be to leave the retrograde nail in place and use cannulated screw fixation or remove the nail and place a cephalomedullary nail. We felt the use of a cephalomedullary nail would provide a more stable construct. Biomechanically, a cephalomedullary nail is load sharing, stronger than a plate, and closer to the mechanical axis, decreasing the bending moment on the device as compared with the plate \[[@bib22]\]. Furthermore, we feel a cephalomedullary device would allow for less time with protected weight-bearing and earlier return to function.

When planning for placement of hardware into the femoral neck, knowledge of the present hip resurfacing implant and careful scrutiny of the current implant's positing on imaging are necessary. Care must be taken to place screws or blades in a position within the head that does not abut the resurfacing stem or violate any cement mantle \[[@bib6],[@bib9]\]. Because of the resurfacing implant, imaging cannot demonstrate the true tip apex distance or prove the mantle has not been violated. This is a challenge of this technique. We suggest, like prior authors, that scrutiny of intraoperative imaging and careful attention to clinical feedback from the drill can assist the surgeon \[[@bib6],[@bib23]\]. Regular follow-up is ideal as secondary collapse of the femoral head due to osteonecrosis requiring revision to total hip arthroplasty has been reported \[[@bib23]\].

While the use of hip resurfacing may be decreasing, the total number of active patients with these implants in place is considerable \[[@bib6]\]. Periprosthetic fractures around resurfacing devices will remain a challenge. The literature reveals many creative ways to stabilize these fractures; however, the goals of fracture care should be maintained.
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